A dipslide is a plastic paddle coated with agar that is attached to a plastic cap that screws onto a sterile plastic vial. Our objective was to estimate the diagnostic accuracy of the dipslide culture technique to detect asymptomatic bacteriuria during pregnancy and to evaluate the accuracy of nitrate and leucocyte esterase dipslides for screening.
threatening, and to deliver more low birth weight neonates. 4 On the other hand, and as demonstrated through randomized trials, antimicrobial treatment of asymptomatic bacteriuria during pregnancy will decrease the risk of subsequent pyelonephritis from 20 -35% to 1-4% and the risk of having a low birth weight baby from 15% to 5%. 4 Thus, screening for and treating asymptomatic bacteriuria have become a standard component of obstetrical care, and such recommendations are part of most antenatal-care guidelines. [5] [6] [7] [8] Unfortunately, universal screening is not practiced worldwide, especially in developing countries where the costs of standard plate cultures are prohibitive to limited health care budgets and because they also may lack adequate laboratory facilities or trained microbiologists or both. 9 Other approaches to overcome these problems have been proposed, including gram staining, microscopic urinalysis, urine dipsticks, dipslide urine cultures, and bioluminescence assays. 10 -14 Some of these methods are used widely because they are easy to perform and produce results rapidly. However, there appears to be little evidence of their accuracy as compared with standard culture techniques and quantified for positive and negative likelihood ratios and cost-effectiveness. 15 The World Health Organization (WHO) has just completed a multicenter trial (ISRCTN11966080) in four countries (Argentina, Philippines, Thailand, and Vietnam) designed to test the efficacy of single-day therapy with nitrofurantoin compared with traditional 7-day treatment to eradicate asymptomatic bacteriuria in pregnancy. 16 Of the approximately 25,000 women screened, 778 were recruited for the study. At all centers, dipslides were used to screen participants, and subsequent eligibility for enrollment was assessed on the basis of results of traditional cultures. As an ancillary study, at the center in Argentina, dipslides, chemical dipsticks, and agar plate cultures were performed simultaneously with the objective of testing the primary hypothesis that the diagnostic accuracy of dipslide tests (a culture-based alternative test to standard culture) is acceptable for determining whether a pregnant woman has asymptomatic bacteriuria during pregnancy, when comparing the agar plate culture as gold standard. A second objective of this study was to evaluate whether nitrite and leukocyte esterase dipsticks are useful screening tests.
MATERIALS AND METHODS
This ancillary study was conducted in parallel with the WHO treatment trial "A multicentre, double blind randomized trial to evaluate the effectiveness of a 1-day versus 7-day regimen of nitrofurantoin for the treatment of asymptomatic bacteriuria in pregnancy." Details and results of this study, which comprised 778 women with asymptomatic bacteriuria randomized into treatment groups, are published elsewhere (Lumbiganon, in press). In Argentina, all women attending 17 antenatal care clinics who were scheduled to deliver at two maternal hospitals belonging to the Department of Public Health of the Municipality of Rosario were screened for bacteriuria at their first antenatal visits. Inclusion required presentation with a live fetus at gestational weeks 12 to 35. Because they would be ineligible for randomization if asymptomatic bacteriuria were detected, women with the following conditions were excluded from the study: underlying disease that required continuous steroid treatment or antibiotic treatment or both (eg, systemic lupus erythematosus, valvular heart disease), use of antibiotics before assessment, any treatment for urinary tract infection at any time during pregnancy, history of nitrofurantoin hypersensitivity, symptoms suggesting symptomatic urinary tract infection such as flank pain or dysuria, glucose 6 phosphate dehydrogenase deficiency or other hematological disease, previous negative urine culture or positive culture with an organism resistant to nitrofurantoin, and notation that they were not planning to deliver at the study hospital.
This trial was approved by the Scientific and Ethical Review Group at UNDP/UNFPA/WHO/ World Bank Special Programme for Research, Development and Research Training in Human Reproduction and the institutional review boards of participating centers. Good clinical practice procedures 17 were followed in all centers and monitored by the WHO on a regular basis. All participants provided an informed consent in writing.
Women were enrolled consecutively and instructed by trained personnel on the appropriate way to collect a clean-catch midstream urine sample into sterile containers. The samples, refrigerated locally at 4°C for a maximum of 4 hours, were transported to the Central Laboratory (Department of Public Health of the Municipality of Rosario), where each sample was divided into three aliquots and processed within 1 hour of arrival by trained laboratory microbiologists. Dipsticks, dipslides, and traditional cultures were performed by separate microbiologists, each unaware of the results of the other determinations. Women whose urine cultures were positive for potentially pathogenic organisms then were randomized to either a 1-day or a 7-day nitrofurantoin treatment regimen (200 mg/d).
One urine aliquot was analyzed using Orion Diagnostica's Uricult dipslide (Orion Diagnostica Oy, Espoo, Finland). The device consists of a 2-cm ϫ 5-cm plastic paddle coated on both sides with agar media. (Fig. 1) . One side of the Uricult dipslide is covered with green cysteine lactose electrolyte deficient medium, which supports growth of virtually all bacteria known to cause urinary tract infections. This medium also was used to determine the concentration of colony-forming units (CFU) in the urine sample. The reddish MacConkey medium on the other side of the Uricult slide is selective for gram-negative bacteria. The dipslide is attached to a plastic cap that screws onto a sterile plastic vial. The system was stored at room temperature before use. Dipslides were inoculated by dipping the agar-coated slides into the urine and incubated at 37°C for 24 hours. Results were determined by comparison of the microbial density on the slide with a model chart provided by the manufacturer. Dipslides were designated positive when the colony concentration was 10 5 CFU/mL or higher of a single microorganism or when two different colonies were present but one was 10 5 CFU/mL or higher. Dipslide tests were considered negative when the concentration was less than 10 5 CFU/mL and/or considered contaminated if more than two different colony species grew on them.
The second aliquot was tested for presence of nitrites and leukocyte esterase using Urine Reagent Test Strips (Wiener Laboratories S.A.I.C., Rosario, Argentina) per the manufacturer's instructions. Results of this test were interpreted visually according to standard color charts. The leukocyte esterase measurement was recorded as negative, trace, small (ϩ1), Urine culture not performed n=0
Urine culture not performed n=0
Urine culture not performed n=0 moderate (ϩ2), or large (ϩ3), the latter considered positive. The nitrite measurement was read at 60 seconds and recorded as either negative or positive. The third aliquot of the urine sample underwent classic quantitative culturing in the microbiology laboratory. MacConkey, blood, and cysteine lactose electrolyte deficient agar plates were swabbed and incubated for 24 hours at 37°C, the culture considered positive if 10 5 CFU/mL or more of a single potential uropathogen or of two organisms not consistent with skin flora were isolated. Cultures were considered negative if there was no growth of bacteria or if the growth was less than 10 5 CFU/mL. Cultures were considered contaminated if more than two microorganisms were isolated. Results of the culture were considered the gold standard for assessing the diagnostic accuracy of dipslides and dipsticks.
The likelihood ratios, sensitivity, and specificity for dipsticks and dipslides were calculated using SAS 9.1 (SAS Institute, Inc., Cary, NC). As suggested by Jaeschke et al, a likelihood ratio for a positive test result above 10 and a likelihood ratio for a negative test result below 0.1 were considered to provide convincing diagnostic accuracy. Moderate prediction was designated as likelihood ratio values of 5 to 10 and 0.1 to 0.2, whereas those below 5 and above 0.2 gave only minimal prediction.
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RESULTS
The study was completed between August 2004 and April 2007. A total of 3,048 eligible pregnant women were screened. All had their urine screened using agar plate urine cultures. Uricult-dipslide studies were performed on 3,047 and chemical dipstick determinations on 3,032 samples (Fig. 2) . One dipslide and 16 dipsticks were omitted owing to unavailability of the samples. Escherichia coli was the most prevalent uropathogen isolated by traditional culture (Table 1) . In our study, 681 urine samples had contaminated cultures (22.3%) and were not included in the analyses.
Of the 3,047 dipslides, 348 (11.4%) were positive, 1,869 (61.3%) were negative, and 830 (27.2%) were contaminated ( Table 2 ). There were eight cases in which dipslide tests were negative but urine cultures positive, and eight urine samples showing positive dipslide tests were negative by standard culture (10 5 CFU/mL or less). The positive likelihood ratio was 225 (95% confidence interval [CI] 113-449), and the negative likelihood ratio was 0.02 (95% CI 0.01-0.05) ( Table 3) .
Of 3,032 dipsticks, 486 (16%) read positive to nitrites or leukocyte esterase or both, and 2,546 (84%) were negative to both (Table 4) . Also, both falsepositive and false-negative rates were high; the positive likelihood ratio for detecting asymptomatic bacteriuria was only 6.95 (95% CI 5.8 -8.33), and the negative likelihood ratio was 0.50 (95% CI 0.45-0.57) ( Table 3) .
DISCUSSION
This study primarily tested the diagnostic accuracy of dipslide tests for detecting asymptomatic bacteriuria during pregnancy using traditional culture as the gold standard. Our results are though-provoking not only because the dipslide test proved to be very accurate, but also because, owing to its simplicity compared with traditional cultures, it could allow universal screening to be extended in those countries where limited resources, both financial and the unavailability of trained microbiologists, have heretofore limited such practices.
We have chosen to study the dipslide test's accuracy because available evidence indicated it could be a more feasible alternative test to traditional urine culture. 19 -21 If proven accurate, it could contribute to reducing the costs of testing women for asymptomatic bacteriuria and would be very suitable for small laboratories or medical centers in areas where health care resources are limited. 22 In addition, the dipslide test is simpler to perform and can be applied in an office setting. Moreover, results can be read directly by physicians or paramedical personnel without waiting for laboratory responses. Also, there is the potential advantage of directly culturing a freshly voided urine sample, eliminating the risk of potential overgrowth of commensal flora during transport to the laboratory. 22 In this respect, it is well-known that leaving urine specimens at room temperature for a prolonged amount of time may modify the final counts of microorganisms. This further suggests that a reliable dipslide test would be of greater value where delays between the clinics and the laboratory are either unavoidable, unpredictable, or both, and where facilities for refrigeration are unavailable. 23 The results of our study show that a positive dipslide result increases the likelihood of asymptomatic bacteriuria from 15% (pretest probability) to 98% (posttest probability), and a negative dipslide result reduces the possibility of asymptomatic bacteriuria to less than 1%. This means that only 2% of pregnant women with asymptomatic bacteriuria will not receive antibiotic treatment when necessary and fewer than 1% of pregnant women without asymptomatic bacteriuria would be classified as positive and consequently would be treated.
There are disadvantages that must be considered. The dipslide approach does not indicate sensitivities and requires the use of antibiotics that cover a broad spectrum of sensitivities. In our study, nitrofurantoin met this requirement because most of the microorganisms isolated in our study were sensitive to this antibiotic (Widmer M, Amigot S, Sribenjalux P, Laopaiboon M, Bergel E, Beltran A. Asymptomatic bacteriuria in pregnancy: etiology and antimicrobial susceptibility. Submitted). Although dipslides appeared easy to perform and to interpret with few if any problems or pitfalls, they were performed in a specialized laboratory by trained microbiologists who were participating in a large, multicenter treatment trial. Thus, one must be cautious in extrapolating such results to heath facilities staffed with less-well-trained personnel. The dipslide is stored at room temperature before being inoculated, and this might lead overestimating the bacterial counts. 22 A recent report has claimed that, under daily practice conditions, the accuracy of dipslides may be lower than under optimal laboratory conditions. 19 Thus, when introducing dipslides into practice the personnel involved in every Data are % (95% confidence interval) unless otherwise specified.
step of the procedure should be trained in all proper techniques and pitfalls to avoid. We believe this approach can be implemented with ease even in developing countries. We used a two-medium dipslide (Uricult, Orion Diagnostica) coated with the cysteine lactose electrolyte deficient medium on one side and a MacConkey medium on the other side. Almost all bacteria causing urinary tract infections grow on the cysteine lactose electrolyte deficient medium, and the MacConkey medium is selective for gram-negative bacteria, so tentative diagnoses can be made through quantitative and qualitative interpretation of the growth of colonies on these media. However, to typify the causative microorganism and its antibiotic sensitivity, the traditional quantitative culture is still needed. Taking into account that, in our study, 65% of the samples were positive for this uropathogen (Table 1) and that their sensitivity to nitrofurantoin was high (98%), this kind of test seems to be the test of choice to detect asymptomatic bacteriuria during pregnancy.
Dipslides are proposed as office screening methods; however, there are still delays in obtaining results (up to 24 hours). A separate problem appears to be the lack of ability of dipslides to differentiate asymptomatic bacteriuria caused by microorganisms other than E. coli. For example, the prevalence of asymptomatic bacteriuria caused by beta-hemolytic streptococcus was 8% in our population. Of 26 urine cultures showing streptococcal growth, 20 (77%) were positive to dipslides, but the etiologic agent was detected only by traditional cultures. This should be taken into account in populations with a high prevalence of beta-hemolytic streptococcus or other microorganisms because of the possibility of missing specific treatment.
Although many studies have evaluated the accuracy of dipstick tests for rapid diagnosis of bacteriuria and urinary tract infections, 24 -27 there is still an ongoing debate regarding their accuracy. 28 A published meta-analysis of a urine dipstick test's ability to rule out urine infections concluded that the accuracy of nitrites was high and that a negative test for both nitrites and leukocyte esterase could rule out urinary tract infections in asymptomatic pregnant women. 28 In our study, the performance of dipsticks for the diagnosis of asymptomatic bacteriuria was poor (Tables 3 and 4). A positive test result increases the likelihood of asymptomatic bacteriuria from 15% (pretest probability) to only 54% (posttest probability). A negative test reduces that probability to 8%, meaning that, if the dipsticks were the primary screening method, 46% of all pregnant women with asymptomatic bacteriuria would be missed. This rate is unacceptable because pregnant women with untreated bacteriuria have significantly increased rates of low birth weight neonates, preterm delivery, and pyelonephritis. 4 Taking into account the high accuracy for detection of asymptomatic bacteriuria and the advantages regarding their use, dipslide devices should be considered as valid alternatives to traditional cultures. However, further research in more pragmatic conditions is desirable before recommending this method for use as an office screening test. Dipstick tests performed only once at the first antenatal visit should be discouraged because of their low accuracy for detecting asymptomatic bacteriuria. Multiple testing strategies should be explored further.
